To investigate whether the favourable cardiovascular disease (CVD) risk factor profile of habitual exercisers is attributable to exercise or leanness. DESIGN: Cross-sectional study of 113 nonsmoking men aged 30-45 y. CVD risk factors were compared in exercisers (n ¼ 39) and sedentary men (n ¼ 74), and in subgroups of lean exercisers (n ¼ 37), lean sedentary men (n ¼ 46) and obese sedentary men (n ¼ 28). Waist girth was used to identify lean (o100 cm) and abdominally obese (Z100 cm) subgroups. MEASUREMENTS: Blood pressure, physical activity (7-day recall), physical fitness (maximum oxygen consumption) and fasted lipoproteins, apolipoprotein (apo) B, triglycerides, glucose and fibrinogen. RESULTS: Exercisers were fitter and leaner than sedentary men and had a better CVD risk factor profile. Total cholesterol, LDLcholesterol and apo B concentrations were lower in lean exercisers than in lean sedentary men, suggesting that exercise influences these risk factors. Indeed, time spent in vigorous activity was the only significant predictor of total cholesterol and LDL-cholesterol in multiple linear regression models. Exercise status had little influence on triglycerides and HDL-cholesterol (HDL-C), and unfavourable levels were only evident among obese sedentary men. Waist girth was the sole predictor of triglycerides and HDL-C, explaining 44 and 31% of the variance, respectively. CONCLUSIONS: These findings suggest that the CVD risk factor profile of habitual exercisers is attributable to leanness and exercise. Leanness is associated with favourable levels of HDL-C and triglycerides, while exercise is associated with lower levels of total cholesterol, LDL-cholesterol and apo B.
Introduction
Cross-sectional studies of cardiovascular disease (CVD) risk factors are important because they identify populations and behaviours associated with increased risk of CVD without recourse to the hard end points of longitudinal designs. Cross-sectional comparisons of CVD risk factors in habitual exercisers and sedentary men are commonplace, and many endorse exercise. 1 However, inter-group differences in body fat are not always considered. Thus, it is unclear whether habitual exercisers have a favourable risk factor profile because they exercise or because they are, on average, leaner than sedentary individuals. It is appropriate to accommodate the confounding effects of body fat by including it as a covariate in statistical analyses. 2 It is also possible to consider the independent roles of exercise and body fat by comparing CVD risk factors in lean exercisers, lean sedentary men and obese sedentary men. However, this strategy has only been employed in young men 3, 4 and master athletes. [3] [4] [5] [6] Furthermore, lean and obese individuals have been distinguished by estimates of body fat rather than by waist girth, which is a stronger predictor of obesity-related health risk. 7, 8 Large prospective studies suggest that habitual exercise offers protection from CVD independent of body fat. 9 In the present investigation of middle-aged men, this hypothesis was tested cross-sectionally by: (1) comparing CVD risk factors in habitual exercisers and sedentary men while adjusting for differences in body fat and waist girth, and; (2) comparing CVD risk factors in lean exercisers, lean sedentary men and obese sedentary men distinguished by waist girth.
Methods

Subjects
Participants were recruited from local employers and academic institutions. A letter was sent to men soliciting their interest in taking part in a study comparing the CVD risk factor profiles of active and sedentary men aged 30-45 y. Volunteers were self-identified as habitually active if they had regularly participated in vigorous sport or exercise in the preceding 2 y. Men who competed at regional or national level were not eligible. Sedentary men were those who identified a lifestyle containing little or no activity sufficient to induce sweating or increased breathing. A 7-day recall questionnaire 10 was used to estimate energy expenditure and to exclude 'inactive' volunteers who revealed any participation in very hard activities (Z7 METs) or more than 2 h' participation in hard activities (5.1-6.9 METs), as these are likely to induce a training effect (one MET is equivalent to the energy expended at rest). All men were nonsmokers or former smokers with at least 2 y' abstinence. . Following 5 min' seated rest, systolic and fifth phase diastolic blood pressures were measured at the right arm using a standard mercury sphygmomanometer (AC Cosson & Son Ltd, London, UK). Triceps, biceps, subscapular and suprailiac skinfolds were measured to the nearest 0.2 mm with Harpenden callipers (British Indicators Ltd, Luton, UK) and percent body fat was estimated using a standard equation for men. 11 Waist girth was measured with an inelastic tape in a horizontal plane at the narrowest part of the torso. 12 A waist girth o100 cm was used to identify lean exercisers and lean sedentary men while a value Z100 cm was used to identify obese sedentary men. 13 Venous blood was drawn following a 12-h overnight fast and 24-h abstinence from vigorous activity. Standard enzymatic measurements of total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglycerides and glucose were made on fresh serum samples using a Roche Integra 800 analyser (Roche Diagnostics Ltd, Lewes, UK). Low-density lipoprotein cholesterol (LDL-C) was estimated using the Friedewald equation.
14 Apolipoprotein (apo) B was measured using rate nephelometry on a Beckman Array analyser (Beckman Coulter Ltd, High Wycombe, UK). Fibrinogen was determined by Clauss estimation using commercial reagents (Biomerieux UK Ltd, Basingstoke, UK) on a Sysmex 7000 analyser (Sysmex Ltd, Milton Keynes, UK). All assays demonstrated a between-day coefficient of variation of o3%, and were performed in labs holding Clinical Pathology Accreditation (UK). Socioeconomic status was assigned during an interview in accordance with the National Statistics Socio-Economic Classification manual 15 and 2000 coding index. 16 The three-class version of the classification was used: (1) 
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Statistical methods Using the methods described by Altman, 18 sample size was calculated to detect a 0.5 mmol/l difference in LDL-C between exercisers and sedentary men, assuming a standard deviation of 0.8 mmol/l. 19 In order to compare subgroups of lean exercisers, lean sedentary men and obese sedentary men, it was anticipated that two sedentary men would be recruited for every exerciser. This strategy reduces power compared to a 1 : 1 ratio, but gives an 87% probability of detecting a 0.5 mmol/l difference in LDL-C with 36 exercisers and 72 sedentary men. 18 Socioeconomic status was compared using the w 2 test. All other group means were compared using univariate general linear model analysis of variance (GLM-ANOVA) and covariance (GLM-ANCOVA).
The Bonferroni post hoc test was used when multiple comparisons were made. Normality was tested by examining normal plots of the residuals in ANOVA models. Residuals were regarded as normally distributed if Shapiro-Wilk tests were not significant (P40.05). 18 Distributions of total cholesterol, LDL-C, HDL-C, triglycerides and fibrinogen were normalised by log 10 transformation. Backwards elimination was used in multiple linear regression models designed to test the ability of activity, fitness, body fat and waist girth to Exercise, waist girth and CVD risk factors G O'Donovan et al predict CVD risk factors. All data were analysed using SPSS for Windows, version 11.0 (SPSS Inc., Chicago, Il, USA).
Results
Two exercisers and four sedentary men demonstrated high blood pressure and high cholesterol levels, and were excluded from the study. The characteristics of the remaining 113 subjects are shown in Table 1 . The groups differed in weight, BMI, body fat and waist girth, and exercisers were around 3 y younger than sedentary men. Estimated daily energy expenditure was not significantly different between the two groups, but exercisers invested considerably more time in vigorous activity than sedentary men. The aerobic capacity (l/min) of the exercise group was around 30% higher than the sedentary group. When expressed relative to body weight (ml/kg/min), the fitness level of the exercisers was 'good', while the fitness level of the sedentary men was 'fair' compared to untrained men of the same age.
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Both groups were of similar socioeconomic status: 77% of exercisers and 74% of nonexercisers were employed in managerial and professional occupations. Table 2 lists CVD risk factors in habitual exercisers and sedentary men and shows the extent to which inter-group differences were attributable to age, body fat, waist girth and exercise status (that is, group allocation). Inter-group differences in total cholesterol, LDL-C and apo B were highly significant and were largely explained by exercise status. Inter-group differences in HDL-C, triglycerides and blood pressure were explained by waist girth. Inter-group differences in glucose and fibrinogen were not significant, but were attributable to body fat.
The characteristics of the subgroups of lean exercisers (n ¼ 37), lean sedentary men (n ¼ 46) and obese sedentary men (n ¼ 28) are shown in Table 3 . There were no significant differences in age between the subgroups. Body fat increased significantly across subgroups, but lean exercisers and lean sedentary men were of similar weight, BMI and waist girth. Obese sedentary men were heavier than the other groups, and demonstrated higher BMI and waist girth values. Estimated daily energy expenditure was not significantly different in lean exercisers and obese sedentary men, but was lower in lean sedentary men. Time spent in vigorous activity and VO 2 max (l/min) were not significantly different in lean sedentary men and obese sedentary men, but were higher in lean exercisers. Groups compared using GLM ANOVA with 'group' as the fixed factor. Vigorous activity is that Z6 METs. All values are mean7s.d. 
Total cholesterol, LDL-C and apo B concentrations were lower in lean exercisers than in lean sedentary men of similar waist girth, and the differences were highly significant (Table 4) . Further, these differences remained when body fat was included as a covariate (all Po0.01). Despite considerable differences in waist girth and body fat, concentrations of total cholesterol, LDL-C and apo B were comparable in lean sedentary men and obese sedentary men. Triglycerides increased across subgroups, while HDL-C decreased. However, differences between lean exercisers and lean sedentary men were no longer significant when body fat was included as a covariate. Glucose, fibrinogen and blood pressure increased across subgroups, but significant differences were only observed between lean exercisers and obese sedentary men for glucose concentration and diastolic blood pressure.
Data from all participants were combined to identify significant predictors of CVD risk factors (Table 5 ). In multiple linear regression models containing energy expenditure, VO 2 max, body fat, waist girth and time spent in vigorous activity, the latter was the only significant predictor of total cholesterol and LDL-C. Regression coefficients indicated that 60 min of vigorous activity per week was sufficient to reduce LDL-C by 0.07 mmol/l and apo B by 0.03 g/l. Waist girth was the sole predictor of triglycerides, explaining 44% of the variance. Waist girth was inversely related to HDL-C and explained 31% of the variance. Energy expenditure and body fat explained 21% of the variance in glucose. A 10 cm increase in waist girth predicted a 2 mmHg rise in systolic and diastolic blood pressures. Body fat was the only predictor of fibrinogen, explaining 9% of the variance.
Discussion
The health benefits of exercise are often attributed to the maintenance of normal weight. This study reiterates the importance of leanness, but suggests that much of the reduction in CVD risk associated with habitual exercise is independent of total and regional body fat. In cross-sectional comparisons, body fat and waist girth did not confound the relationships between exercise and total cholesterol, exercise and LDL-C or exercise and apo B. Indeed, these risk factors were lower in lean exercisers than in lean sedentary men. *Backwards elimination was used to remove nonsignificant predictors. The probability of F was used to retain (o0.05) or to remove (Z0.10) predictors. All values are unstandardised beta coefficients derived from pooled data (n ¼ 113). Transformed outcome data were not used as these render regression coefficients unintelligible. Vigorous activity is that Z6 METs.
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Adiposity did confound relationships between exercise and other risk factors, particularly HDL-C and triglycerides. In multiple linear regression models, waist girth explained much of the variance in HDL-C and triglycerides. Many of these findings can be reconciled with previous reports and are biologically plausible. Obesity, defined as a BMIZ30 kg/m 2 , is associated with a two-fold increase in CVD risk in men. 21, 22 However, computed tomography (CT) suggests that much of the association between obesity and CVD is explained by visceral adipose tissue, rather than general adiposity. In nondiabetic middle-aged men, the amount of visceral adipose tissue measured by CT was inversely correlated with plasma HDL-C and directly correlated with plasma triglycerides. 23 Given these relationships, a number of simple anthropometric markers of visceral adiposity have been identified. Of these, waist girth has proved the strongest correlate, 24, 25 and a threshold of 100 cm has been used to identify individuals with an accumulation of visceral adipose tissue. 13, 26 These findings likely explain why HDL-C and triglyceride concentrations were comparable in lean exercisers and lean sedentary men in the present study.
In the Quebec Cardiovascular Study, 27,28 80% of men with a waist girth Z90 cm and fasting triglyceride concentration Z2.00 mmol/l demonstrated fasting hyperinsulinaemia, increased concentration of apo B and an increased proportion of small, dense LDL-C particles -a triad of nontraditional risk factors associated with a 20-fold increase in CVD risk. In the present study, 13 obese sedentary men and three lean sedentary men demonstrated a waist girth Z90 cm and fasting triglycerides Z2.00 mmol/l. No lean exercisers possessed this high-risk phenotype (and neither did the two exercisers with waist girths Z100 cm). The relationship between abdominal obesity, triglycerides, HDL-C and nontraditional risk factors may not extend to total cholesterol and LDL-C concentrations. 23 Weak and nonsignificant correlations with visceral adipose tissue suggest that other factors determine total cholesterol and LDL-C concentrations. 29, 30 In the present study, and in other cross-sectional studies, 3, 6 total cholesterol and LDL-C concentrations were lower in lean exercisers than in lean sedentary men. Thus, it is reasonable to suggest that habitual exercise is associated with lower concentrations of total cholesterol and LDL-C independent of body fat. This suggestion is in keeping with prospective data showing that the health benefits of leanness are limited to fit men. 31 Some studies have not found significant differences in total cholesterol and LDL-C concentrations between habitual exercisers and sedentary men after adjusting for differences in body fat. 1 However, these null findings are likely explained by sample size. In the present study and other relatively large cross-sectional studies, total cholesterol and LDL-C were lower in exercisers than in sedentary men after adjusting for differences in body fat. 32, 33 Sample size may also explain why LDL-C concentration was lower in 61 master athletes than in 39 lean sedentary 60-y-old men, 6 It has been suggested that apo B concentration is a stronger predictor of CVD risk than LDL-C concentration. 36 Nonetheless, the apo profile of habitual exercisers and sedentary men is not well documented. Giada et al. 37 reported no difference in apo B between 20 soccer players and 20 sedentary men. Similarly, Thompson et al 38 found no difference in apo B between 10 endurance-trained athletes and 10 sedentary men. Apo B was lower in 19 endurancetrained males than in 26 sedentary men, but no adjustment was made for differences in body fat. 39 In the larger comparison offered in the present study, apo B was lower in habitual exercisers than in sedentary men after adjusting for differences in body fat.
In agreement with the present study, Carroll et al. 40 found no difference in glucose concentration among 711 middleaged men who engaged in different amounts of activity. While such observations suggest that glucose metabolism is independent of exercise training, it is likely that the onset of type 2 diabetes is masked by compensatory hyperinsulinaemia. 41 Furthermore, it is well documented that physical fitness 42 and vigorous activity 43 confer lower risk for type 2 diabetes in nondiabetic men. Fibrinogen concentration is elevated by a number of factors, including cigarette smoking, age, abdominal obesity and inactivity. 26, 44 Although no relationship between fibrinogen and exercise was observed in the present study, a larger comparison of 3967 men aged 45-69 y found lower fibrinogen levels in those reporting strenuous exercise than in those reporting mild exercise after adjustment for differences in age, smoking and BMI. 44 In a study of 4057 middle-aged men, fibrinogen concentration was lower in normal-weight individuals who were fit than in normalweight individuals who were unfit. 45 In the present study, there was a trend for blood pressure to increase across subgroups, with significant differences in diastolic pressure apparent between lean exercisers and obese sedentary men. While blood pressure levels were not significantly different in lean exercisers and lean sedentary men, prospective data suggest that this concordance may change: Paffenbarger et al 46 reported that normotensive individuals who are inactive have a 19-30% greater risk of developing hypertension than their active peers. Questionnaire-derived estimates of energy expenditure suggested that habitual exercisers were no more active than their sedentary peers. This occurrence is explained by three interacting factors: (1) the majority of daily energy expenditure is derived from low-intensity activities; (2) the energy cost of low-intensity activities is strongly influenced by weight; (3) sedentary men were heavier than men who exercised. For example, daily energy expenditure is estimated Exercise, waist girth and CVD risk factors G O'Donovan et al to be 2920 kilocalories for an 80 kg individual who sleeps 8 h per night, jogs for an hour per day, and recalls no moderate or very-hard activities. 10 By contrast, it is estimated that a 95 kg individual who sleeps 8 h per night and recalls no moderate, hard or very hard activities expends 3040 kcal/day. To remove these confounding effects, physical activity was also assessed using activities of at least vigorous intensity. The significant difference in time spent in vigorous activity between exercisers and sedentary men suggests that, to avoid misclassification, volunteers should be recruited and categorised by global measures of physical activity or by measures of energy expenditure Z6 METs. In multiple linear regression models, VO 2 max was not a significant predictor of CVD risk factors. Instead, only time spent in vigorous activity provided any indication of the health benefits of regular exercise. While VO 2 max has been shown to predict CVD risk factors in other cross-sectional studies, 5, 6, 47 it is not uncommon to find weak and nonsignificant relationships between VO 2 max and CVD risk factors, especially after adjusting for confounding variables. [48] [49] [50] Nonetheless, exercise capacity is a powerful predictor of mortality. 51 It is also noteworthy that 'naturally fit' men are rare and do not enjoy a selective advantage that confers both the capacity for high levels of physical activity (in the absence of exercise training) and protection from CVD. 52 
Summary
The results of the present study emphasise the importance of maintaining normal weight. These cross-sectional data also suggest that regular exercise confers health benefits that are independent of total and regional body fat. For these reasons, (abdominally) obese individuals who do not exercise constitute a particularly high-risk group.
